The present work describes a simple dot immunobinding assay (DIA) for African swine fever virus (ASFV) antibody detection that can be used under field conditions. The assay uses nitrocellulose strips dotted with a cytoplasmic soluble antigen (CS-P) of ASFV. The nitrocellulose strips are adhered to a plastic handle. The test serum samples react with the CS-P, and antibodies are detected using a protein A-peroxidase conjugate. Both incubations are carried out at 20 C. The efficacy of the DIA as a screening test for ASFV was compared to an enzyme-linked immunosorbent assay (ELISA) and an immunoblotting (IB) test using 343 sera collected from natural African swine fever epizootics and from inapparent ASFV carriers. The DIA had comparable sensitivity to both reference techniques, and all samples positive in the ELISA and IB test were also positive in the DIA. False-positive reactions were not detected when whole blood or poorly preserved serum samples were tested by DIA. Some poorly preserved sera that were positive initially by the ELISA were no longer ELISA positive in a later run, although they were positive in IB and DIA. These positive DIA and IB test results could be caused by the differences in antibody epitope binding.
Since African swine fever (ASF) was first described, 7 several diagnostic tests have been developed to identify infected swine. 3, 6, 8, 11, 12 In recent years, the continued presence of low virulence strains of African swine fever virus (ASFV) has resulted in an increased prevelence of subacute, chronic, and inapparent infections. These circumstances require reliable serologic tests for diagnosis. In Spain, where there is an intensive eradication program, an enzyme-linked immunosorbent assay (ELISA) is used as the screening test and the immunoblotting (IB) test is used for confirmation. 5, 9 The IB test uses ASFV-induced proteins that have molecular weights between 23K and 35K. 4 In ASF enzootic areas of Spain, specific restrictions on the movement of pigs between farms are necessary for the eradication program to be successful. For a diagnostic test for the eradication program to be useful in the field, it must be simple, fast, and easily interpreted by the local veterinary services. This report describes a rapid dot immunobinding assay (DIA) that can be performed at room temperature without additional equipment and is applicable for control of ASF by testing pigs on farms or in slaughterhouses.
Materials and methods
Swine sera. The swine sera used in this study were obtained from (1) a pig experimentally inoculated with the at-From the Instituto National de Investicgaciones Agrarias, Departamento de Sanidad Animal, Embajadores 68, 28012 Madrid, Spain.
Received for publication January 2, 1991. tenuated virus E75, which was passed 4 times in CV-1 cells (ATCC, CCL7O); 10 (2) pigs involved in ASF episodes; (3) ASFV inapparent carrier pigs (serum well preserved); (4) ASFV inapparent carrier pigs (serum poorly preserved for weeks), and (5) ASFV antibody-negative pigs from geographic areas of Spain where the disease was eradicated. These sera were collected between 1975 and 1989. Cytoplasmic soluble (CS-P) antigen. The ASFV virus strain E70, which had been adapted to grow in monkey stable (MS) cells, was used for antigen production. 2 The CS-P antigen was produced as described previously. 5 MS cells cultured in the presence of 2% porcine serum were inoculated with the E70 strain of ASFV. The MS ASFV-infected cell cultures were harvested 24 hr after inoculation and sedimented to form a pellet. The pellet was washed with 0.34 M sucrose in 5 mM tris-HC1 (pH 8) then resuspended in 0.067 M sucrose and held at 0 C for 10 min to allow the cells to swell. Cells were lysed by adding a detergent" at a final concentration of 1% (w/v) and held for 10 min at 0 C. A 1/7 volume of 64% (w/v) sucrose to 0.4% tris-HCl (pH 8) was added, and nuclei were pelleted at 1,000 x g for 10 min at 4 C. The supernatant (cytoplasmic fraction) was treated with 2 mM ethylenediaminetetraacetic acid, 0.05 M 2-mercaptoethanol and 0.5 M NaCl. After 15 min at 25 C, the mixture was centrifuged at 100,000 x g for 1 hr at 4 C over a 20% (w/w) sucrose cushion in 50 mM tris-HC1 (pH 8). The fraction that was elutriated from the sucrose layer was used as CS-P antigen.
ELISA and immunoblotting. The ELISA was performed as described previously using microtiter plates with 0.21 µg of CS-P antigen added to each well. b,5 The IB technique was carried out as described previously using nitrocellulose strips blotted with ASFV-induced proteins with molecular weights between 23K and 35K. 4 Dot immunobinding assay. The nitrocellulose sheets c were prewetted in a phosphate-buffered saline solution (PBS) (pH 7.2). Next, 100 µl of the PBS containing 0.84 µg of the CS-P antigen were dotted in each well in a dot vacuum manifold.* The remaining protein-binding sites on the nitrocellulose sheets were blocked with a solution of nonfat dry milk d reconstituted in PBS and applied for 30 min. The nitrocellulose sheets were then washed in PBS, allowed to dry, and cut into small pieces, each piece containing only one spot of antigen. A single piece of the antigen-impregnated nitrocellulose sheet was stuck on a plastic handle by a double adhesive tape.' The plastic strips containing the dotted antigen were dried at room temperature and used as needed.
The immunoreactions were carried out in microtiter wells. Each strip was incubated for 30 min at 20 C with 1:10 serum dilution in diluent buffer (PBS [pH 7.2], containing 2% nonfat dry milk). After washing in water, the strips were incubated for 30 min with peroxidase-protein A conjugate f diluted 1:1,000 in diluent buffer. The strips were washed as before, and the presence of immunocomplexes was indicated by the 4-chloro-1-naphtol f technique. The color development occurred within 10 min, and the reaction was stopped by washing the strips in water.
Optimization of DIA. The CS-P ASFV antigen was dotted onto nitrocellulose strips in 8 dilutions ranging from 50 ng to 6.72 µg per dot. Serial dilutions of positive and negative serum and protein A conjugate were also tested. The optium temperature for conducting the test at 20 C was established by using serum samples diluted at 1:10 and protein A conjugate diluted 1:1,000. Positive and negative control sera were included in each assay. The prepared strips were submitted to a test of longevity at room temperature. The prepared strips kept at room temperature conditions could be used for periods longer than 6 mo.
Results
Optimization of DIA. The color intensity of the dots did not increase when the antigen concentration was >0.84 µg/dot. Background staining was not noticed in the negative control sera at the dots with higher antigen concentrations when 2% nonfat dry milk was used for blocking the remaining binding sites.
Comparison of DIA, ELISA, and IB. The results of the comparison of sensitivity among DIA, ELISA, and IB are shown in Fig. 1 . The titer of a hyperimmune serum after serial dilutions with ELISA, IB, and DIA was 1:6,400. The results from the three techniques testing some representative highly positive sera, other sera close to the cutoff, and negative sera by ELISA are shown in Fig. 2 .
Hemolyzed sera, whole blood, and preserved sera positive and negative to antibodies against ASFV were analyzed by DIA (Fig. 3) . The DIA did not cause falsepositive or false-negative results, and all the positive results were coincident with those obtained by ELISA and IB, with the exception of poorly preserved sera. Some of these sera were initially positive by the ELISA when the samples were fresh but were no longer positive to the ELISA test because of inadequate preservation before the IB and DIA testing. Of the 150 ASFVpositive sera that were inadequately preserved, 92% were ELISA positive when tested a second time, 98% were positive by IB, and 96% by DIA. Background staining in DIA was noticed in some ASFV-negative poorly preserved sera; however, this background staining could be eliminated with more extensive washes.
Discussion
In recent years, extensive research has focused on the development of diagnostic tests for ASFV and has resulted in the development of an ELISA and other specific confirmation techniques. 1, 4 In Spain, the federal eradication program has confined ASF to specific regions. However, there is increased concern that ASF may be spread by inapparent carriers to swine in other populations. Therefore, the transport of pigs to and from farms and to slaughterhouses is restricted.
Of the 343 field pig sera, 180 were ASFV inapparent carriers detected by ELISA and 163 were natural cases that were positive for virus isolation. All the ELISApositive sera were also positive by DIA and IB. The results of this study indicate that detection of ASFV antibody by DIA compares favorably with detection by the ELISA, in which plastic interactions may affect the binding of the antibodies to specific epitopes.
The 3 tests detected ASFV-antibodies equally well in sera collected from naturally infected swine. The ELISA failed to detect 8% of the positives, and the IB and DIA failed to detect only 2% and 4%, respectively, of positive older sera that were subjected to poor preservation during transportation or storage at room temperature. Experiments of serum preservation at room temperature carried out within this laboratory showed that some ASFV-positive sera failed to react in ELISA at least 15 days before failing to react in IB (data not shown).
The DIA makes it possible to carry out ASFV screen- Figure 3 . Detection of ASFV antibodies by DIA in complete or hemolyzed sera (1-10) from pigs positive (1, 4, 5, 6, 8, 9) and negative (2, 3, 7, 10) for ASFV antibodies. Complete blood and hemolyzed sera were diluted to 1:10 before use. The immunoreaction was compared with the ASFV positive (A) and negative (B) controls.
ing without specialized equipment. The sensitivity and specificity of DIA compare favorably with those of the conventional IB and ELISA techniques. 1, 4 The sensitivity of DIA is similar to that of ELISA and IB for ASFV antibody detection. The criteria used to establish an arbitrary cutoff value for discriminating positive and negative field pig sera were based on prior research.' For IB, a positive result was defined as ≥ 1 antigenic ASFV-induced protein with molecular weight between 23K and 35K reacted with the serum dilution. 4 The DIA works on the same principle as the ELISA but is simpler and less expensive. The porous structure of the nitrocellulose membrane provides a higher binding capacity than does the solid polystyrene surface of the microtiter well. In addition, the nitrocellulose provides a stable medium for antigen; no apparent difference in color intensity was observed on nitrocellulose strips freshly prepared or stored for 6 months. The advantages of DIA with respect to other serologic tests are its simplicity, rapidity, low cost, and potential for screening suspect inapparent ASFV-infected herds under field conditions. The DIA test can be done in <1.5 hours and under field conditions. A visual interpretation is usually sufficient; however, the developed strips can be preserved as a permanent record or sent to a laboratory for a densitometer analysis to quantify the result.
